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Abstract 
All experiments are expected to have installed initial 
working detectors and will be ready for commissioning 
with beam at the start of LHC operation in 2007. The 
physics programme is expected to be rich even at the 
projected initial luminosities. This paper presents the 
requirements and expectations of the experiments for 
single beams, the accelerator start-up with beam and early 
collisions, the heavy-ion runs and the special proton runs, 
and may be used subsequently to set priorities in order to 
exploit optimally the first LHC beams for physics. 
LUMINOSITY RUNNING 
ATLAS and CMS 
Of central importance for ATLAS and CMS and 
for the LHC is to elucidate the nature of electroweak 
symmetry breaking for which the Higgs mechanism and 
the accompanying Higgs boson(s) are presumed to be 
responsible. In order to make significant inroads into the 
Standard Model Higgs search, sizeable integrated 
luminosities of about 10 fb-1 are needed. However, even 
with 2 fb-1 per experiment, discovery of the Standard 
Model Higgs Boson is still possible in certain mass 
regions. 
In addition, the potential for discovery of 
particles predicted in Supersymmetry (SUSY) is sizeable 
even at LHC start-up. Due to their high production cross-
sections, squarks and gluinos can be produced in 
significant numbers even at modest luminosities. 
ATLAS and CMS request beam conditions that 
will maximise the integrated luminosity, accumulated 
with an instantaneous luminosity of at least 1033 cm-2 s-1  
in a low machine-induced background environment. The 
beam energy should be the nominal 7 TeV. 
Construction of the general-purpose ATLAS and 
CMS detectors is approaching completion and installation 
and commissioning of sub-systems of these experiments 
is well underway. Both experiments are expected to have 
experimental set-ups installed and commissioned for the 
start of LHC operation in 2007. 
LHCb 
The LHCb experiment has been conceived to study CP 
Violation and other rare phenomena in B meson decays 
with very high precision. LHCb will investigate quark 
flavour physics in the framework of the Standard Model 
and look for signs of physics beyond the Standard Model.  
Due to their high production cross-sections, study of B 
mesons is possible from the outset of LHC operations in 
LHCb, as is the case also for ATLAS and CMS. The 
LHCb experiment is designed for instantaneous 
luminosities of about 2 1032 cm-2 s-1 and a bunch spacing 
of 25 ns., providing optimal physics conditions with 
single pp interaction events per bunch crossing. Such an 
instantaneous luminosity can be achieved even with the 
low bunch intensities expected in the early LHC running 
period by varying β* between 2 m. and 50 m. and with a 
bunch spacing of 25 ns.  
It is expected that LHCb will have their experimental 
set-up installed and commissioned for the beginning of 
LHC operation in 2007. 
ALICE 
ALICE is a general-purpose heavy-ion experiment 
designed to study physics of strongly-interacting matter 
and the quark-gluon plasma in nucleus-nucleus collisions. 
The ALICE heavy-ion programme is based on two 
components: 
• Collisions of the largest available nuclei at the 
highest possible energies. 
• The systematic study of various collision 
systems (pp, pA, and AA) at various beam 
energies. 
As the number of possible combinations of collision 
systems and energies is large, continuous updating of 
priorities will be required as data becomes available. 
Proton running at the nominal 7 TeV beam energy is 
requested for the commissioning and starting-up of the 
experiment, for the accumulation of reference and 
calibration data and for the study of minimum bias event 
properties. In order to satisfy the constraint of an average 
of one event per 88 μs, which is the drift time of the Time 
Projection Chamber (TPC) detector, an instantaneous 
luminosity of 1029 cm-2 s-1 is requested, preferably 
obtained by tuning the β* in order to provide a more 
stable luminosity and a better-defined vertex spread. For 
instantaneous luminosities beyond 1031 cm-2 s-1, certain 
ALICE sub-detectors will need to be switched off and the 
risk of radiation damage to sub-detectors increases.  
The pp runs should be followed by the initial Pb runs 
with the so-called `Early Ion Scheme’, consisting of 62 
bunches per beam and β*=1 m. ALICE requests a short 
Pb run of a few days as early as feasible and a 4-week ion 
run before the end of 2008. 
The ALICE experimental set-up is expected to be ready 
for first LHC operation in 2007. 
In addition to ALICE, ATLAS and CMS have the 
potential to study ion-ion collisions. 
Spectrometer Magnets 
The ATLAS magnet system consists of a 
superconducting 2 T solenoid and air-core toroids in the 
barrel and end-cap regions, while CMS has a single 
superconducting 4 T solenoid. These magnets will be kept 
on during LHC filling as they have a long ramping time. 
However, if required for LHC commissioning, they may 
be switched off for dedicated runs. 
The ALICE experiment includes a 0.5 T solenoid 
(constructed for the L3 experiment at LEP) and a large 
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warm dipole magnet with a field integral of 3 Tm in the 
horizontal plane perpendicular to the beam axis. The 
solenoid and dipole magnet polarities will be changed 
together in order to calibrate the ALICE detector 
whenever there is a change in the experiment set-up. For 
detector alignment purposes, a few runs with both 
magnets off may also be requested. 
The LHCb experiment consists of a warm dipole 
magnet with a field integral of 4 Tm oriented vertically. 
The magnet polarity will be reversed once per week to 
reduce systematic errors resulting from left-right 
asymmetries of the detector. However, during LHC 
commissioning, the dipole magnet polarity can be left 
unchanged. As for ALICE, for detector alignment 




The TOTEM experiment will measure the total pp cross 
section and will study elastic scattering and diffractive 
dissociation at the LHC [1]. 
In the first three years of LHC operation, TOTEM 
requests to run at reduced luminosities and with special 
insertion optics. Several runs, typically of one day 
duration each, could be spread throughout this time 
period. A standard TOTEM period would consist of 3 
short 1-day runs at β*=1540 m. and two short runs at   
β*=18 m. TOTEM would accumulate significant statistics 
during a single 1-day run, but understanding the 
systematic uncertainties would require several such runs. 
The Roman Pots will be positioned at 10σ from the 
beam and the TOTEM physics measurements require 
clean and stable beam coupled with an excellent vacuum. 
A normalised emittance of 1 μm rad reduces the beam 
size and angular spread of the beam for the Coulomb 
region of the elastic scattering. However, this is not 
required for the luminosity independent measurement of 
the total pp cross section, and a normalised emittance of 
3.75 μm rad is acceptable.  
TOTEM is presently evaluating additional running 
scenarios and the requests concerning beam conditions 
are therefore expected to evolve.  
Production of the first Roman Pot prototype is 
progressing well and TOTEM plans to be ready for the 
LHC start-up in 2007. 
ATLAS Forward Detectors 
The experimental set-up of the ATLAS Forward 
Detectors [2] consists of Roman Pot stations located at 
240 m. on either side of the main ATLAS detector at 
LSS1. The detectors will measure the elastically scattered 
protons in the Coulomb region for the determination of 
absolute luminosity of the LHC at IP1.  
Construction of the ATLAS Roman Pots will proceed 
subsequent to the completion of the TOTEM Roman Pot 
production. This is in line with the installation before the 
first LHC run or for the first LHC shutdown period. 
The beam conditions requested by ATLAS are the 
following: 
• β* = 2625 m. 
• Instantaneous luminosity of 1027 cm-2 s-1. 
• Normalised emittance of 1μm rad. If this is not 
feasible during the early LHC running, 
measurements with larger values of the 
normalised emittance remain interesting as the 
total pp cross section can be calculated using 
the luminosity measurement from the 
accelerator parameters, while the absolute 
luminosity can be derived using the total pp 
cross section from TOTEM. 
It should be noted that the ATLAS Forward Detectors 
can run in parallel with TOTEM. 
LHCf 
The LHCf Collaboration has put forth a measurement 
of photons and neutral pions in the very forward region of 
the LHC to provide information for the elaboration of the 
cosmic-ray spectrum in the high energy region and to 
assist in the understanding in the determination of the 
primary composition of cosmic-rays [3]. The 
measurements may also be used to calibrate Monte Carlo 
generators, especially in the forward region. 
LHCf requests a bunch spacing of at least 2 μs. in order 
to reduce event pile-up in their calorimeters. This is 
compatible with the 43-bunch pattern expected at the 
LHC start-up. An instantaneous luminosity of at most 
1030 cm-2 s-1 is requested in order to avoid the 
contamination of data with multiple events per bunch 
crossings, while an instantaneous luminosity of             
1030 cm-2 s-1 would already provide adequate data rates. 
Three short runs of a few hours duration each during early 
LHC operation would provide the statistics required for 
the LHCf physics measurements. 
The LHCf calorimeters will be installed in the first 30 
cm. of the TAN slot on each side of IP1. Construction of 
the LHCf calorimeters will start in early 2006. This is in 
line with the realisation of the final set-up for LHC start-
up in 2007.  
ACCELERATOR CONSIDERATIONS 
Single Beams 
No specific requests have been made by the 
experiments to run with single beams. However, should 
they be available, the experiments can make use of single 
beam runs for studies on detector synchronisation, 
machine-induced background and the vacuum quality. 
Moreover, the event rates expected in ATLAS and CMS 
from beam halo muons and beam-gas collisions during a 
single beam run are found to be significant and are useful 
for commissioning the experiments in terms of aligning 
and calibrating the detectors. Given the single-arm 
spectrometer configurations, ALICE and LHCb would 
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prefer to have Beam-1 should any single beam runs be 
available. TOTEM would use single beams to study how 
close the Roman Pots could approach the beam. 
Machine Start-up with Beam – Stage I 
All experiments will make profit of collisions during 
the LHC start-up with beam, the so-called Stage I period. 
This period is characterised with 43 or 156 bunches per 
beam, a zero crossing angle, a partial optics squeeze down 
to β* = 2 m., and an instantaneous luminosity of between 
3 1028 cm-2 s-1 and 2 1031 cm-2 s-1[4]. 
The nominal LHCb luminosity can be obtained by 
tuning β* down to 2 m. However, in order to provide 
collisions in LHCb, bunches in one beam will need to be 
displaced by 75 ns during Stage I, resulting in a 
corresponding reduction in luminosity in the other 
experiments. 
75 ns Versus 25 ns Bunch Spacing 
LHC running with 75 ns bunch spacing will be used by 
all experiments for detector synchronisation, setting-up 
for physics and studies on the machine-induced 
background. ATLAS and CMS would like to switch to 25 
ns bunch spacing when such running would deliver a 
higher useful integrated luminosity. LHCb would like to 
move to 25 ns bunch spacing as soon as possible in order 
to maximise the fraction of events with one pp interaction 
per bunch crossing and ALICE could stay at 75 ns bunch 
spacing given the modest instantaneous luminosity 
requirements of at most 5 1031 cm-2 s-1 and the 
comparable bunch spacing of 100 ns for Pb running.  
Low Energy Runs  
Operation of the LHC at beam energies lower than the 
nominal 7 TeV is not part of the baseline programme of 
ATLAS and CMS, as the production cross sections for the 
Higgs boson(s) and SUSY particles are reduced, thus 
making the search for such particles more difficult. 
Lowering the beam energy would have no significant 
effect on the B meson production cross section. TOTEM 
would make use of low energy runs – at √s = 1.8 TeV for 
comparison with the TEVATRON data and at √s = 8 TeV 
in order to probe smaller values of the four-momentum 
transfer in the study of interference between the nuclear 
and Coulomb interactions. 
LHC Shutdown 
The detectors of the experiments and the experimental 
areas, together with the required radiation shielding, are 
to be closed and the experimental beam pipes are to be in 
place, conditioned for beam and under vacuum by the end 
of June 2007. 
Components of the experiments not installed by the 
start of LHC operation in 2007 will be staged. Their 
installation in a long shutdown would complete the 
experiments as described in the approved Technical 
Design Reports. 
Given the current knowledge regarding the experiments 
and accelerator, the planning for a possible shutdown in 
2007-2008 winter period is along the following lines: 
• No specific request for a shutdown has been 
made by ATLAS and LHCb. 
• ALICE has a preference for a 3-to-4 month 
shutdown. 
• CMS requests a 3-to-4 month shutdown in 
order to install the Pixel Detector and the End-
cap Electromagnetic Calorimeter. 
CONCLUSIONS 
It is realistic to expect all LHC experiments to have an 
initial working detector ready for the start of LHC 
operation in 2007, although detector installation can be 
foreseen beyond this date. 
Commissioning of the LHC detectors can commence 
with single beam runs and physics data can be collected 
immediately with the machine start-up conditions in 
`Stage I’.  
The LHC physics programme is indeed rich. Of central 
importance is the detection of the Higgs boson(s) by 
ATLAS and CMS, for which a sizeable integrated 
luminosity is required and for which changes in the 
accelerator settings should be minimised. Priorities for the 
physics runs need to be set by the appropriate bodies, 
including the newly-created Commissioning and Running 
Advisory Group (CRAG). 
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